Although evidence suggests that aspirin and celecoxib may reduce the risk of esophageal adenocarcinoma (EAC) in patients with Barrett's esophagus (BE), these drugs can also cause harmful side effects. Our aim was to determine and characterize preferences for these two drugs in patients with BE.
INTRODUCTION
There is evidence suggesting that both aspirin (1) and selective cyclooxygenase-2 (COX-2) inhibitors (coxibs) (2, 3) can prevent esophageal adenocarcinoma (EAC) in patients with Barrett's esophagus (BE). However, this benefit may come with a greater risk of specific diseases or adverse events. Although initial reports of a greater risk of cardiovascular events were for rofecoxib, this risk has also been documented in celecoxib (4, 5) , albeit at a potentially lower risk ratio (6) . In comparison, aspirin may not only reduce future EAC risk, but also prevent primary cardiovascular events (7, 8) . The principal risk associated with aspirin use is gastrointestinal bleeding (9) .
The decision to take either coxibs or aspirin to prevent esophageal adenocarcinoma by patients with BE is a preference-sensitive one. In these decisions, the benefits of the treatments do not clearly outweigh the risks involved for all patients. Therefore, each decision must be based on individual patient preferences regarding the benefits and risks faced both with treatment and without. Information regarding patient attitudes toward the benefits and harms of these drugs could provide useful information to inform both health-care providers and patients as they consider these specific drugs and other interventions.
The purpose of this study was to determine and explore patient preferences for celecoxib and aspirin for the chemoprevention of EAC in BE patients. This included an evaluation of the tradeoffs patients were willing to consider to reduce their future cancer risk.
METHODS

Overview of Study Design
The study was approved by our institutional review board. Subject recruitment was done in person by a member of the study staff. The questionnaire was administered over the telephone, but the subject had a paper copy of the questionnaire
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and accompanying visual aids with him/her during the interview. All interviews were conducted by the same investigator (D.E.B.).
Recruitment
Recruitment took place in the Massachusetts General Hospital's endoscopy suite (Boston, MA). Target subjects were patients with a diagnosis of Barrett's esophagus confirmed by histology. Eligible participants were at least 18 yr of age and able to read and understand information presented in English. Patients with a diagnosis of esophageal adenocarcinoma or carcinoma in situ on pathology were excluded. Potential subjects who were scheduled for an endoscopy or clinic visit were identified using the electronic scheduling system and approached by a study investigator in the waiting room. Those who agreed to participate were given the paper questionnaire and visual aids to take home and a follow-up telephone appointment with the investigator was arranged.
Survey Description
Representative portions of the questionnaire and visual aids are available in the Appendix. Summary benefits and harms profiles of celecoxib and aspirin (described as 'Medicine A' and 'Medicine B') were based on the current published data (see Table 1 ). Studies have suggested that aspirin use is associated with an EAC risk reduction of approximately 50%, which we extrapolated to a change in lifetime risk from 10% to 5%. Although the data for celecoxib are less robust (see Discussion), we assumed a similar reduction in lifetime risk with celecoxib use.
The summary data presented to patients were drawn from the current literature. Because the lifetime risk of myocardial infarction (MI) is different for men and women (10), (9) male and female versions of the questionnaire were created. We portrayed celecoxib as increasing the lifetime risk of cardiovascular events (MI and stroke) by 50%. This value is consistent with a recent meta-analysis that reported a 40% increase in the risk of serious vascular events (11) and within the range of values reported in other studies ranging from 30% to 160% for a dose of 400 mg per day (4, 5) . Aspirin was not portrayed as affecting the overall risk of stroke, as a potential increase in risk of hemorrhagic strokes could be offset by a lower risk of ischemic strokes (8, 9) . Both celecoxib (12, 13) and aspirin (8, 9) were presented as increasing the risk of gastrointestinal events (GIE; ulcer or gastrointestinal bleeding) by the same amount.
Descriptions of celecoxib and aspirin were presented sequentially, in random order, as anonymous "Medicine A" and "Medicine B." After a profile of a drug was presented, preferences were elicited. Benefits and harms were presented as absolute lifetime chances which is normative in risk communication methodology (14) .
Concise textual descriptions of EAC and one of the two medicines were followed by a depiction of the potential harms associated with the drug. The risk of developing esophageal adenocarcinoma ("esophagus cancer" in the survey), MI ("heart attack" in the survey), stroke, and gastrointestinal events (GIE; ulcer or gastrointestinal bleeding) were presented as absolute lifetime risks along with an explanation of how these values would change if one of the chemopreventive medicines was taken (e.g., esophagus cancer risk would be reduced from 10% to 5%). The participant was instructed by the interviewer to view a visual representation of the percentages (15) provided on a separate sheet of colored paper (see Fig. 1 for example). The "Benefits" and "Harms" of each drug were summarized in a table (see Appendix).
After each drug profile was presented, participants were asked if they would be willing to take the drug. After making their decision, the interviewer asked the subjects which characteristic of the drug was most influential in their decision making process and why. given visual representations of the risk and benefit percentages using a 10 by 10 icon grid format, with the "unhappy faces" representing heart attacks and the "smiley faces" representing no heart attack. The 30% absolute lifetime risk is Without Medicine A (average population risk for a women) while the 45% risk is the presumed risk if one were to take celecoxib (increase risk by 50%).
To further explore patient preferences regarding EAC chemoprevention, subjects were asked to "re-consider" celecoxib or aspirin if a particular drug benefit was maximized or if a particular harm was minimized, while all of the other benefits and harms were held constant ("Improved Drug Profile Analysis").
Risk perception questions asked subjects about their fear and perceived risk of heart attack and esophageal cancer. Demographic and medical history data were also collected. Finally, subjects were asked to rate their understanding of the questionnaire on a 5-point scale. The interviewer also rated each subject's comprehension upon completion of the survey.
Statistics
TEST OF SIGNIFICANCE OF PRIMARY END POINT.
A comparison of the proportion of patients who would be willing to take celecoxib versus aspirin was made using the McNemar's test.
POWER. Power calculations were based on an anticipated difference in the proportion of subjects' willingness to take celecoxib versus aspirin. Assuming independence of responses for the two drugs and using the McNemar's test, at an alpha error rate of 5%, 100 participants had 80% power to detect a 2-sided difference in responses (willingness to take the drug) of 60% versus 40%.
REGRESSION MODEL. Univariate analysis was performed with test of significance using a Student's t-test for continuous predictor (age), and either χ 2 test or Fisher's exact test for all binary or categorical predictors. All reported P values are 2-sided. Multivariate logistic regression analysis was performed to identify independent predictors of willingness to take aspirin or celecoxib, respectively. For each of the two models, seven covariates were included as potential predictors. Age was treated as a continuous variable, and highest education level completed was treated as a class variable with four strata. The remainder of the covariates (gender, history of cancer, history of heart disease, presence of Barrett's with dysplasia, and history of current or prior use of either aspirin or COX-2 inhibitor) were treated as dichotomous variables. The model was constructed without use of a variable selection algorithm. Statistical analysis was performed using SAS v 9.1.3 (SAS Carey Institute, Inc., Cary, NC).
RESULTS
Participant Characteristics
See Table 2 for detailed patient characteristics. Of the 109 patients asked to participate, 100 (92%) completed the survey and were included in the analysis. The mean age was 64.5 with 72% of the participants male and 28% female. The group was predominantly white (97%) and highly educated, with 70% reporting at least some college education. Of those surveyed, SD = standard deviation; PPI = proton pump inhibitor; BE Dx = diagnosis of Barrett's esophagus; EAC = esophageal adenocarcinoma; EGD = upper endoscopy; GED = graduate equivalency diploma 37% were taking aspirin regularly while only 2% stated that they were currently taking celecoxib (Celebrex) and 27% reported ever having taken celecoxib or rofecoxib (Vioxx). Regarding BE history, 50% of subjects reported never having had any dysplasia, while 45% reported a history of highgrade dysplasia (HGD) and 5% reported low-grade dysplasia (LGD). The majority (93%) were currently on proton pump inhibitor therapy.
Base Case Results
Results of the base-case portion of the study are presented in Table 3 . After participants were provided a base-case description of celecoxib's potential benefits and harms, 15% stated that they would be willing to take the drug (14% of women and 15% of men). Seventy-six percent of those surveyed were willing to take aspirin (82% of women and 74% of men). Alternatively stated, participants were 5 times more likely to agree to take aspirin than celecoxib. The difference in the proportion of participants willing to take the two drugs was highly statistically significant (P < 0.0001).
The average time to complete the survey was 20.7 min (SD = 5.3). The average self-reported survey comprehension rating was 4.6 (5-point scale, 5 = best; SD = 1.0) and average rating of the investigator's perception of subject comprehension was 4.4 (SD = 0.7).
Univariate and Multivariate Regression Analysis
None of the demographic and medical history variables predicted a patient's willingness to take celecoxib in univariate analysis (see Table 4 ). However, younger age (P = 0.009) and more education (P = 0.01) were positively associated with a willingness to take aspirin. When these seven variables were incorporated into a multivariate logistic regression model, none of the variables independently predicted a willingness to take either celecoxib or aspirin.
Most Important Factor Analysis
When participants who were not initially willing to take celecoxib were asked what characteristic of the drug profile was most important to their decision, a majority identified the greater risk of MI (59%; see Table 5 ). Participants who were willing to take celecoxib (15 subjects) cited the reduced risk of esophageal cancer as the most important factor in their decision.
Patients who were willing to take aspirin identified the lower risk of esophageal cancer as the most important factor affecting their decision (86%; see Table 6 ). Among patients who were initially unwilling to take aspirin, the greater risk of GIE was the most cited reason (96%).
Improved Drug Profile Scenarios
To further evaluate the factors affecting patient decision making, we presented participants with hypothetical scenarios in which each of the drugs became perfect EAC prevention agents (eliminated all future risk of EAC). When the revised profile of celecoxib had the maximum potential benefit but the baseline profile for harms, the percentage of participants who were willing to take the improved celecoxib was 43%, compared to the initial 15% response (see Table 7 ). Willingness to take aspirin also increased when aspirin was presented as able to eliminate the risk of EAC (from 76% to 87%). We also presented participants with scenarios in which the future lifetime risk of EAC was returned to the initial baseline benefit value and the magnitude of risk for each harm was reduced in turn. In a scenario in which celecoxib did not increase the future risk of heart attack at all, only 42% were willing to take the drug. When it had no effect on stroke and GIE risk, 29.4% and 25.0% of patients were willing to take the improved celecoxib, respectively. For aspirin, the elimination of MI risk and no increase in GIE risk would result in 86% and 97% acceptance of the drug.
DISCUSSION
Patients with Barrett's esophagus face a steady increase in both the number and complexity of available medical man- All = total group surveyed; HGD = history of high-grade dysplasia. Percentages do not always add to 100% because of rounding. EAC = esophageal adenocarcinoma; MI = myocardial infarction; GI event = ulcer or gastrointestinal bleeding. EAC = esophageal adenocarcinoma; MI = myocardial infarction; GIE = gastrointestinal event, which includes ulcer or gastrointestinal bleeding; = decrease; = increase.
agement options. The decision to take either aspirin or coxibs to prevent esophageal adenocarcinoma by patients with Barrett's esophagus is a preference-sensitive decision. In these decisions, the benefits of the treatments do not clearly outweigh the risks involved for all patients. Therefore, each decision must be based on individual patient preferences regarding the benefits and risks faced both with treatment and without. Many prevention decisions are preference sensitive. For example, chemoprevention with tamoxifen decreases the short-term risk of developing breast cancer by approximately 50%, yet the potential side effects include endometrial cancer, stroke, and pulmonary embolism (16) . Similar tradeoffs are present in the decision to take hormone replacement therapy. Because patients' preferences regarding the outcomes associated with such decisions may vary widely, it is important to understand patient preferences regarding prevention interventions. Our study analyzed patient preferences for two esophageal adenocarcinoma risk-reducing medications. When patients were informed about the benefits and harms of celecoxib and aspirin for the chemoprevention of esophageal adenocarcinoma, the majority stated that they would not take celecoxib, but would take aspirin. Participants were five times more willing to take aspirin than celecoxib, with similar preferences in women and men. These findings are consistent with what we intuitively hypothesized, as the salient difference between the two drugs' effect on future risk of MI makes aspirin a more attractive chemopreventive choice to prevent EAC.
Our analysis found that the pivotal issue affecting a subject's willingness to take celecoxib was the greater risk of MI, while the lower risk of EAC was most cited for aspirin. Improved drug profile scenarios for celecoxib found that even if specific benefits and harms were improved, the majority (57-75%) stated that they still would not be willing to take the drug. With numerous reports documenting the greater risk of MI with celecoxib, its use for EAC chemoprevention would appear highly unlikely and perhaps ill-advised. Although we studied patient preferences for two specific drugs, our analysis of important factors and improved drug profile scenarios are applicable to other drugs not expressly studied. For example, our findings regarding patient preferences for celecoxib may be relevant as newer coxibs in development are likely to have an overall similar profile to celecoxib but with improvements in a particular characteristic (e.g., improved cardiac safety). For aspirin, if the greater risk of GIE were eliminated in an improved drug, a majority (97%) stated that they would be willing to take it. Although we are not endorsing such a practice, combination therapy with prophylactic proton pump inhibitor therapy could significantly diminish GIEs (17) .
Our results are not intended to be used as clinical guidelines. Furthermore, clinical guidelines for these types of prevention interventions typically recommend that patients make decisions based on individual preferences rather than on population-based standards, placing a significant responsibility on physicians to effectively counsel patients and on patients to identify their preferences. We present data to aid in this process of shared decision making. A natural corollary to our study would be the construction of a decision aid to guide patients with BE considering chemoprevention against esophageal adenocarcinoma. Such an instrument could be valuable in a real-world clinical setting where patients and physicians are making decision regarding chemoprevention.
Cost-effectiveness analyses (CEA) that have studied aspirin for EAC chemoprevention in BE have found that it can be a cost-effective therapy (18, 19) . A similar costeffectiveness analysis for celecoxib in BE patients has not been published. A colorectal cancer chemoprevention CEA comparing celecoxib and aspirin incorporated the cardiovascular benefits of aspirin, but not the harms of celecoxib, and found that aspirin was the preferred choice (20) . Another CEA studied the use of aspirin for primary cardiovascular prevention and found that it could be cost-saving (more effective and less costly) compared to no aspirin in a high-risk group of middle-aged men (21) . None of the aforementioned studies incorporated patient adherence to the chemoprevention drug into their models, which could have significantly affected the results of their analyses.
The Chemoprevention for Barrett's Esophagus Trials Research Group (CBET) recently published the results of a randomized trial of celecoxib or placebo in patients with BE and low-or high-grade dysplasia. After 48 wk, no statistically significant difference in the rate of dysplasia was observed (22) . This negative study's suggestion that celecoxib does not prevent progression from dysplasia to cancer must be viewed with some caution as the study had an inadequate follow-up period, sample size, and the use of a surrogate end point in a specific subpopulation (those with dysplasia) of Barrett's patients.
Our research had several limitations. The questionnaire was not a validated instrument. However, we incorporated established concepts and techniques from the disciplines of risk communication and survey science. Furthermore, the effort and cost required to formally validate a survey instrument is prohibitive for highly specific clinical issues such as chemoprevention in Barrett's esophagus.
Our questionnaire design attempted to achieve the difficult balance between medical accuracy while avoiding cognitive burden (23) . The descriptions, particularly the quantitative values, were based on the published literature but were still simplifications of medical knowledge. The process of distilling large amounts of complex medical data into information that is comprehensible and does not overwhelm an individual without medical training could lead to biases, or "framing effects." For example, the order of the questions asked could have influenced the subjects' perception of risks, with earlier questions and data affecting subsequent responses. We followed published recommendations on methods to minimize "framing manipulation" (24) such as presenting benefits and harms in the absolute risk format as well as the use of adjunctive visual aids.
Our study population, although demographically diverse, may not be representative of the general public. In particular, the level of education was much higher than the population average. Univariate analysis found that more educated patients were more likely to take aspirin, although this effect did not persist in the multivariate model. Because the study was performed at a tertiary referral center, 45% of the study group had a history of high-grade dysplasia, which may have led to some patient biases (possibly overestimates) regarding future EAC risk in particular. All subjects were patients who were recruited prior to an endoscopy or clinic visit, selecting out a more compliant and potentially sicker group of individuals.
In summary, a majority of those surveyed stated that they would take aspirin but not celecoxib. The greater risk of MI and the lower risk of EAC were the most important factors determining celecoxib and aspirin use, respectively. Our study finds that most patients are interested in EAC chemoprevention, but that the amount of protection offered and the sideeffect profile of a drug determine whether or not it is acceptable. These data provide insights into the tradeoffs patients are willing to consider and can inform physicians regarding the variability and factors that affect patient preferences for chemoprevention.
